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Offical Name: Shanghai Tower *

Former Name: Shanghai Center *

Location: Shanghai, China*

Use: Hotel/Officet

Height: Architectural 632 meter'

Height: Occupied 587.8 meter!

Height :Observatory 546.5 meter!

Stories: 121 Above Ground'

Design Architect: Gensler!
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Case Study: Shanghai Tower el

shanghal is on the west coast of i Pacific Gasin. the centre-point of the north and
south coast in the Peopls Republic off China, on the edge of the East China Sea. The
Ref: CTBUH Journal FIA Group: wwwi.Swagroup.com  Ref. Gensler Design Update g climate is & chmate, with weather that is hot and very
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A Prof.Dr. Ali M T Strueture Engineer: Thornton Tomasettit ‘Shanghai Tower Mm during sumiwer.
$50¢.Prof.Dr. Ali Murat Tanyer Constructor: Shanghai Construction® « Placed in close proximity to Jin Mao  « More than a landmark, the 632-meter, 121-story
Arch. H.Emre ligin (MSc.) Client: Shanghai Tower Construction and tower and the World Financial mixed-use tower offers a sustainable way of Many chellengings : a windy climafe, acfive eardhquake zone, and clay-based soils
Development ! Centerythe new tower willrise high —jiying in vertical cities, with a unique mix of typicelol o fyes delt *
) abave fhe skyline, fis curved fagade o I Vertieal ciies, unique J
sfructure System: Outriggered Frame and spiralling form symbolizing the  'estaurants, shops, offices and hotels space
System?, Outrigger System+mega frame? dynamic emergence of modern through the building. Itis a super high-rise
China. ? building wrapped entirely from top to bottom in

public spaces and sky gardens.2
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ARCHITECTURAL DESCRIPTION + Facade Form

The tower's profound twist expression is the result of
its geometry, which can be broken down into three
key components that are controlled in total by four
variables:
1. Horizontal Profile
The profile shape is based on an
equilateral triangle. Two tangential
curves offset at 60 degrees were
used to create a smooth shape. This
shape is driven by two variables:
-the radius of the large circle f
-its location relative to the centre of 1
the equilateral triangle (profile). "2

» 2. Vertical Profile:

*Reduction of about 55% overall.

| +This proportional distribution allowed for large lease
spans within the office portion of the tower and
smaller spans within the upper-level hotel/boutique
offices

«Early in the design, it was found that a basic
exponential curve provided the desired result.

+This is the same basic formula used in the finance
industry for continuous compounding and/or -
discounting. A Model 1:85 scale

3. Rate ot fwist

This is a simple linear rotation from base to top. The
faci that this final value can be changed
independently allowed for great flexibility in the
design stage, especially in selecting the best
combined overall building performance. *
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All testing was conducted on a 1:500 model. Additionally, a 1:85 scale model was tested
for results of the Reynolds number correction factor that was used for more precise data
on loading and the impact of wind vortex split on round exterior wall surfaces. *

Triangular plan relates to the site’s
harmonious trio of the buildings .

Image taken from Aip:fvoyage.cestmationchine com
1200805-paopes uars-shikum hini

Image taken from Gensler Design Update:Shanghal Tower

Wind Tunnei Testing:
* Wind tunnel testing was essential for understanding building performance and was
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Horizontal profile

« Iy e i o Bhsgied Rwwer ; architect Gensler applied the idea of traditional lane houses.? Drawn by mettem erdil conducted at Rowan, Williams, Davies & Irwin Inc. (RWDI).The wind climate model was
I isdeiin b sl ke B EBRnghai government's requirement that 33% of the site be based an local surface wind measurements taken at Hong Qiao International Airport and
e ed o rEen Racs! a computer simulation of typhoons provided by Applied Research Associates, Raleigh,

+ Gl s Whwibs Empeisiand dariign concepts could reduce typhoon-level wind loads common
to Bbwrgiel Wi wwpmmaiep of lower's facade , its tapering shape, rounded cormers?

Nerth Carolina.” *
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«+ “The core acts in concert with an outrigger and
super column system. There are four paired
super columns - two at each end of each
orthonormal axis In addition, four diagonal
super columns along each 45-degree axis are
required by the long distances at the base
between the main orthonormal supercolumns:"?

1] U )

STRUCTURAL DESCRIPTION
« Structural System: Outriggered Frame System?
. . |
r&rlui}o Qo0 0D .

Images fake rom skanghai tower facade design
Wind tunnel study scaling mode! wind tunnel rotation models

+ “ All columns slant 1.5° from the vertical.””

+ “The tower is divided vertically into nine zones,

elevators, traveling at each with 12 to 15 floors.”2

18meters/sec.

«+ longest-travelling
elevator by operating
between the third
basement and the
121st floor, a distance

+ “ To establish the best possible case for reducing these loads, several scenarios were
proposed invelving rofation at 90°, 120°, 150°, 180° and 210° and then scaling off 25%,
40% , 55%. 70% and 85%.

Restlts acquired through this process have shown that a scaling factor of about 55%
and rotation at 120can account for up to 24% savings in structural wind loading and {
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1 « the world's fastest
i

o | B |88 1B of 578.5 meters.”

<cladding pressure. reduction as compared to base-case tapered box. This equates to 13 g g

about $50 million (USD) in savings in the building structure alone. "3 1 il
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Structure plans: -
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+ Knowledge about plan shape taken from Case study: Shanghai tower pp.17, Shanghai
tower pp3..about column sizes from Shear innovation pp.4

Mechanical Floors Structural 3D model

Concrete core
Diagonal steel truss 4

Composite Mega Column®
Concrete-encased Steel Vertical Sections

Steel double
belt truss

Outrigger
steel truss
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Typical Floor Structural 3D model Composite Mega Column.
Composite diagonal Column: /' Concrete-encased Steel Vertical Sqefians
Concrete-encased Steel

Vertical Sections

Concrete core,

Steel beam
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Steel spandrel beam

Hoop fing pipe

Radial strut pipe 219 mm 356 mm in diameter

in diameter (varied)
Exterior curtain wall
22 mm thickness

inner circular slab

Drawn by meltem erdil.
(Sizes taken from Ref 3)

«“The tower has @ unlque design Incorporating two
independent curtain wall systems.

« The exterior skin is cam-shaped in plan, with rounded comers
resembling & guitar pick,

« the Inner skin is circular

« The outer curtain wall is created by a series of hoop rings that
are cam-shaped and rotating around the circumference of the
inner cylindrical tower.”?
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- The light pollution category was the single
most impactful variable in the overall exterior
wall concept design and glass selection. ” # &
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comparison in light pollution
Iiage ta<en om shangha tower facade design

ok, « “In China's urban districts, light pollution is
considered a harmful impact of glass
reflectance out to surrounding residential,
civic or public buildings or institutions.

- Gensler team needed to prepare a light
pollution study conducted

« Two final schemes—*staggered” and
“smooth"—were selected for testing in a three-
kilometer radius of the surrounding
neighbourhood the staggered system, which

became the system recommended

by Gensler's fagade design team.”

—

Staggers
Imagetaken i

—smooth schemes
hanghai tower

3:zeljc AS, Buiding
Envelope Systems and Technologies eld i vancouver, Canada. Retieved fom
tp:wmw gensler comiuploadsidocuments/Shangha_Tower_Facade_Design_Process_07_28_2011pdt. Retrieved on 1 Nov 2011

Sustainable design:

“Sustainable design is at the core of Shanghai Tower's development.
From the outset, the design team targeted a LEED Gold rating and.a
China 3 Star rating.

The project features water treatment plants that recyele grey water
and storm water for irrigation and toilet flushing. The sysfem features
water treatment plants within the tower, podium, and basement level
to reduce pumping energy.”?

Images taken from Gensler design update:shangha tover
“ The 2.200-kW natural gas-fired cogeneration system (site-generated
pawer) pravides electricity and heat energy to the Low Zone areas.
Site-generated power has the advantage of reducing source energy
consumption and the carbon footprint of the facility by utilizing clean-
burning natural gas in lieu of high-sulfurcoal.”

“Wind tribunes at the top of the building will power the exterior lighting
forthe buiding and some of the park aress. The trunes will produce
an h energ

2 Xia 3. BIP221.D.C.Mass. (2010). Case study: Shanghai Tower, CTBUH Journal Issue2. pp 12, Retreved from
Retrieved on 14 Jan 2012

&: Gensler (n.) Design update: Shanghal Tower. Relrieved
e gensler comiuploadsidocuments/Shanghai_Tower_12_22_2010.pdf. Retreved on 15 Nov 2011

+ Curtain Wall
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